The purpose of this paper is to explore the impacts of changes in migration flows-in particular, those resulting from possible migration policy changes after a UK exit ('Brexit') from the European Union (EU)-on the finances of the UK state pension system. We find that the aggregate effects of considered shocks to immigration associated with Brexit on the funding of UK state pensions are dwarfed by associated uncertainties, and by coincident cost increases due to population aging and (domestic) pension's policy.
Introduction and Summary
Commissioned by the Institute and Faculty of Actuaries (IFoA), the purpose of this paper is to explore the impacts of changes in migration flows-in particular, those resulting from possible migration policy changes after a UK exit ('Brexit') from the European Union (EU)-on the finances of the UK state pension system. Migration was one of the central issues in the EU referendum debate. At NIESR we have carried out extensive research and analysis on migration and the impact of migration on the economy, complimenting a well-established literature in this field. 1 Razin and Sadka (1999) [1] is the first study to demonstrate that, in a dynamic context with a pay-as-you-go pensions system, immigrants can deliver a net fiscal benefit to the entire population present at the time of their arrival, even if they themselves are net beneficiaries of the pension system. In the theoretical framework of Razin and Sadka, this result is delivered by the reduction in the old-age dependency ratio that immigration is assumed to achieve. Key assumptions underlying the result are that the fertility of migrants and the educational distribution of migrant children are similar to the native population. These assumptions imply that immigration in the Razin and Sadka model is similar to a discrete increase in population size, and consequently relates closely to analyses of the fiscal implications of population growth explored elsewhere in the literature (e.g., Creedy and van de Ven, 2000 [2] ).
Since the analysis of Razin and Sadka (1999) [1] , the literature concerning the bearing of migration on fiscal aggregates has extended along a wide range of dimensions. Breyer and Kolmar (2002) [3] explore the need for co-ordination between fiscally autonomous regions that permit free movement of labour. Intertemporal dynamics of welfare migration are studied using simulation methods by 1 Geide- Stevenson and Ho (2004) [4] , and Fedotenkov (2014) [5] explores associated implications of pension funding (pay-as-you-go or funded). Leers et al. (2003) [6] consider interactions between fertility, wages and migration in a context where the value of pensions is determined by voter preferences. Their analysis reveals that the simple narrative-whereby a fall in fertility delivers higher wage growth, encouraging inward migration that off-sets upward pressure on the old-age-dependency ratio-can be overturned if the elderly successfully lobby for a rise in pensions paid for by taxes on labour.
In contrast to the theoretical literature that is cited above, empirical evidence concerning the fiscal impact of immigration has been relatively thin. Recent literature has, however, started to fill this gap. In 2014, for example, the Economic Journal published a special issue focusing on evidence "that allows assessment of how much immigrants take out of and contribute to the public purse", Dustmann and Frattini (2014 [7] , p. F565). Evidence from repeated cross-sectional survey data reported between 2001 and 2011 in that special issue suggests that, at least in Britain (the focus of the current paper), immigrants made a positive net fiscal contribution. This is especially true of immigrants from EEA countries, who Brexit is most likely to affect (Dustmann and Frattini, 2014 [8] ).
A number of studies have explored the likely fiscal implications for the UK of changes to migratory flows following Brexit. Wadsworth et al. (2016) [9] , for example, reports that EU immigrants to the UK "are more educated, younger, more likely to be in work and less likely to claim benefits than the UK-born. About 44% have some form of higher education compared with only 23% of the UK-born" (p. 1). Furthermore, the report concludes that "EU immigrants pay more in taxes than they take out in welfare and the use of public services" (p. 1). In a similar vein, Lisenkova and Sanchez-Martinez (2016) [10] report results using an Overlapping Generations model, which indicate that the UK economy will be 9% smaller in aggregate, and 1% smaller per capita, by 2065 under Brexit. Lisenkova and Sanchez-Martinez also find that leaving the EU will have a negative impact on the UK's public finances due to a rising dependency ratio.
One aspect of the Brexit debate that has not previously been considered, is the extent to which EEA migrants contribute to, and draw on, the state pension system in a dynamic context. To our knowledge, this is the first study to quantify the possible impact of alternative migration scenarios under Brexit on the UK pension system. To carry out this research we require some plausible alternative migration scenarios and a simulation model which differentiates the characteristics of EU and non-EU migrants and indigenous or native residents. Here we consider three possible migration scenarios based of the volume of migrant flows, and a further three scenarios where the earnings of new migrants are assumed to increase significantly following Brexit, designed to reflect an 'Australian-style' points system. Our main conclusions are that reductions in immigration would have a negative impact on the public finances. To offset these impacts policy change in the form of increases in national insurance contributions, reductions in pensioner benefits, or increases in the state pension age could be used. More restrictive immigration policies would, not surprisingly, have more negative impacts. However, these impacts could be mitigated, and indeed reversed, were the government to introduce a skills or points based migration policy (perhaps similar to the policy in Australia) resulting in a very significant improvement in the incomes (and implicitly the skills or qualifications) of new immigrants. The reduction in EU migrants, an increase in total non EU migrants, and an up-scaling of skills are all policies that were aired in the UK referendum debate. However, an important policy question, which we do not address here, is whether these policies would and could actually be delivered in practice.
To carry out this analysis we use NIESR's Lifetime Income Distributional Analysis model (LINDA), originally developed by NIESR for HM Treasury, Revenue and Customs, and the Department of Work and Pensions. A full description of the model can be found in van de Ven (2016) [11] , and a description of how the model's parameters have been set is provided in van de Ven (2016) [12] ; a short non-technical summary is contained in Appendix A [13] . The model, which can be freely downloaded from the internet (www.simdynamics.org), includes a detailed description of the UK tax and transfer system, as it stood at the time of the (April) 2016 Budget statement.
The simulated pensions system is comprised of three pillars. The first pillar is a means-tested welfare safety net (the Pension Credit) eligible to all resident adults over state pension age. Benefits payable under this pillar are withdrawn at a rate of 100% of other income up to a threshold, and 40% thereafter, until the benefit is exhausted. The second pillar is a contributory (basic) state pension, rights to which are accrued through the payment or accreditation of (national insurance) contributions during the working lifetime. The value of the full state pension payable under the second pillar is approximately equal to the threshold at which welfare benefits payable under the first pillar (discussed above) begin to be withdrawn at a rate of 40%. The third pillar is comprised of private (personal and occupational) pensions, which are simulated as (notional) defined contribution schemes, participation in which is voluntary. Benefits under the first two pillars are assumed to be paid from state pension age, which is defined by government, and is currently scheduled to increase from 65 in 2016 to 68 in 2034. In contrast, the timing of access to wealth held in private pensions is an endogenous decision in the model, and can be taken at any time between ages 55 and 74.
We use the LINDA micro-simulation model to show the impact of each of the six Brexit migration scenarios on key elements of government spending and tax revenue and the overall budgetary impact. This is done by taking differences between a simulation base scenario, and a counterfactual Brexit scenario, where the only differences between the two scenarios are the assumptions concerning migration.
We then consider the adjustments to each of three policy levers necessary to achieve budget neutrality under each Brexit migration scenario. The first lever considers rate adjustments to class 1 National Insurance Contributions, which is a proportional tax on labour income applied in the UK. The second lever considers the proportional adjustment required to the value of all state sponsored (first and second tier) pension benefits. The third lever considers adjustments to the state pension age. Importantly, labour and savings behavior are fully endogenous in LINDA, and consequently respond to changes in the incentives implied by transfer policy. This ensures that behavioural responses are fully taken into account in our projections. Note that much of the public debate thus far has only focused on one side-either the additional expenditure, due to claimed in-work benefits, or the additional income, due to higher taxes paid. In this study we bring them together to show the overall budgetary impact of the migration scenarios and assumptions about changes in future migrants' income.
We add two caveats to these findings. First, while the impact of alternative migration scenarios on tax revenue and expenditure are large and statistically significant, the net effect on the government budget-although substantive-is not statistically significant. This underscores the importance of uncertainty associated with the projected effects. Second, the increase in total state retirement benefits over the time period considered, without any change in migration policy, of around £94 billion dwarfs the higher costs due to any changes in migration scenarios we consider. From this perspective, the substantive issues are about domestic policy.
Migration Scenarios
As the review by O'Donoghue et al. (2010) [14] makes clear, there are a wide range of alternative approaches used to simulate the effects of migration in the microsimulation literature. Key modelling decisions include whether to model net migration or immigration and emigration flows separately, the variables that describe the likelihood of emigration, the approach taken to generate the characteristics of immigrants, and whether to accommodate re-entry of emigrants. These decisions depend upon the reasons for the respective model's development, and the data that are available for parameterisation.
Migration has been accommodated in LINDA to meet two key objectives. First, the model should be capable of reflecting official projections for the age distribution of the population through time. Secondly, the model should reflect the bearing that contemporary trends concerning migration would have on the distribution of income if they were to continue into the projected future. Although the first of these two objectives could be achieved by modelling net migration only, allowing for both immigration and emigration helps to meet the second objective. LINDA is consequently designed to accommodate explicitly both immigration and emigration in each simulated year.
There are two key approaches to generating the characteristics of recent immigrants in a microsimulation context (see, e.g., Duleep and Dowhan, 2008 [15] ). The 'regression' based approach involves estimating a system of equations that describe all of the characteristics of interest, and to use these equations to generate the circumstances of new immigrants when they enter the model. Valid implementation of this approach is, however, exceptionally challenging in any context where more than a few characteristics need to be imputed. The alternative approach has been to initialise the circumstances of migrant entrants to the modelling frame by 'cloning' individuals selected from a 'donor' population pool. LINDA employs a cloning method for generating new migrants.
The model parameters include the total numbers of immigrants and emigrants, distinguished by age and government office region, to be assumed for each prospective year. Importantly, the age distribution is exhaustive, including both the very old and very young. The model parameters also describe the proportion of emigrants who were previously immigrants, and the division of immigrants into age specific (domestic) disposable income quintiles. This set of parameters permits a series of 'target numbers' to be calculated, separately for immigrants and emigrants.
The model uses a procedure based on random draws to reflect the target numbers for migrants that are described above. Starting with immigration, the model selects at random and without replacement a candidate donor from the simulated domestic population. The characteristics that are used as targets for the immigrant population-namely, the numbers and age of benefit unit members, region, and disposable income quintile-are then evaluated for the candidate. The influence of the candidate on the target numbers for immigrants is determined. If recognition of the candidate as a donor benefit unit for immigration does not result in any one of the targets numbers being exceeded, then the candidate is accepted; otherwise they are rejected. New random draws continue to be taken until all targets for the immigrant population are met. Simulation of emigration proceeds in the same manner, subject to a slightly different set of targets.
In order to model the impact of migration in LINDA, we consequently need to know the number and characteristics of immigrants and emigrants, differentiating between EU and non-EU migrants. As our base case, we take the 2014-based Principal Population Projections for the UK produced by the Office for National Statistics (ONS), and the migration assumptions contained therein. These are the official migration statistics and projections and we believe therefore they are an appropriate place to start. The official projections show net migration falling to 185,000 from 2020 to 2021, and remaining constant at that level in subsequent years. The ONS projects both immigration and emigration by age. We combine this with the ONS International Passenger Survey which shows the break-down between EU and non-EU migrants to project the base net migration scenario for 2020-2021 shown in Figure 1 below. immigration and emigration helps to meet the second objective. LINDA is consequently designed to accommodate explicitly both immigration and emigration in each simulated year. There are two key approaches to generating the characteristics of recent immigrants in a microsimulation context (see, e.g., Duleep and Dowhan, 2008 [15] ). The 'regression' based approach involves estimating a system of equations that describe all of the characteristics of interest, and to use these equations to generate the circumstances of new immigrants when they enter the model. Valid implementation of this approach is, however, exceptionally challenging in any context where more than a few characteristics need to be imputed. The alternative approach has been to initialise the circumstances of migrant entrants to the modelling frame by 'cloning' individuals selected from a 'donor' population pool. LINDA employs a cloning method for generating new migrants.
In order to model the impact of migration in LINDA, we consequently need to know the number and characteristics of immigrants and emigrants, differentiating between EU and non-EU migrants. As our base case, we take the 2014-based Principal Population Projections for the UK produced by the Office for National Statistics (ONS), and the migration assumptions contained therein. These are the official migration statistics and projections and we believe therefore they are an appropriate place to start. The official projections show net migration falling to 185,000 from 2020 to 2021, and remaining constant at that level in subsequent years. The ONS projects both immigration and emigration by age. We combine this with the ONS International Passenger Survey which shows the break-down between EU and non-EU migrants to project the base net migration scenario for 2020-2021 shown in Figure 1 below. However, the ONS Population Projections data does not provide any further details on the characteristics of the projected new migrants. We use data on recent UK immigration and emigration to disaggregate between EU and non-EU migrants; and we use data from the Family Resources Survey to estimate the income distribution of new migrants, and hence their labour market characteristics and outcomes. A summary of recent immigrants by age and income quintile distribution is presented in Table 1 below. For example, of the 25 to 34 year old immigrants, 51.8% are in the lowest 40% of the overall UK gross income distribution. 
Migration Flow Scenarios
We construct six alternative scenarios to assess the impact of changes to migration policy after a possible Brexit outcome. These scenarios are implemented in our modelling from 2017 onwards. The first three scenarios listed below-1A, 2A and 3A-each differ by the number or flow of migrants, but we importantly assume that the incomes of new migrants remain unchanged from the base case based on the official projections. In each scenario we assume that emigration flows of UK natives out of the UK remains unchanged. The overall effect of these assumptions is shown in Figure 2 . The second set of scenarios, introduced in Section 2.2 below, allows for assumed differences in earnings of migrants to reflect an illustrative points-based policy, also shown in Figure 2 .
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We construct six alternative scenarios to assess the impact of changes to migration policy after a possible Brexit outcome. These scenarios are implemented in our modelling from 2017 onwards. The first three scenarios listed below-1A, 2A and 3A-each differ by the number or flow of migrants, but we importantly assume that the incomes of new migrants remain unchanged from the base case based on the official projections. In each scenario we assume that emigration flows of UK natives out of the UK remains unchanged. The overall effect of these assumptions is shown in Figure 2 . The second set of scenarios, introduced in Section 2.2 below, allows for assumed differences in earnings of migrants to reflect an illustrative points-based policy, also shown in Figure 2 . 
Scenario 1A
Scenario 1A could be described as a "restrictive" policy. We assume a substantial reduction in EU migration, with no offsetting change in non-EU flows:
• Immigration from the EU declines to 1/3 of base value in all years from 2017.
•
Immigration from outside the EU remains unchanged.
• Emigration of immigrants who were originally from the EU declines linearly from 2018, stabilising at 1/3 of the original projection by 2027.
• Emigration of UK natives and immigrants from outside the EU remain unchanged.
Scenario 2A
In Scenario 2A, we assume-as some proponents of Brexit have proposed-that a reduction in migration from the EU is offset, in part, by an increase in immigration from outside the EU:
•
Immigration from the EU declines to 1/3 of base value in all years from 2017.
Immigration from outside the EU increases to offset 50% of the reduction in immigrant numbers from the EU.
Emigration of immigrants who were originally from the EU declines linearly from 2018, stabilising at 1/3 of the original projection by 2027.
• Emigration of immigrants who were originally from outside the EU increases linearly from 2018, stabilising in 2027 at a rate proportional to the rise in the number of non-EU immigrants arriving in the UK.
Emigration of UK natives remains unchanged.
Scenario 3A
In Scenario 3A, we assume that policy is adjusted to meet the government's target that net migration should be reduced to 100,000 or below. This requires not just reductions in EU migration, but also some additional reductions in non-EU migration.
•
Immigration from outside the EU adjusts from 2017, so that total net migration stabilises from 2027 at 100,000 net new entrants per year.
This requires a reduction in non-EU net immigration from 77,000 to 64,000 per year or 17% fall in total over ten years.
• Emigration of immigrants who were originally from the EU declines linearly from 2018, stabilising at 1/3 of the base projection by 2027.
• Emigration of immigrants who were originally from outside the EU adjusts from 2018, to stabilise from 2027 at a rate proportional to the change in the number of non-EU (non-UK) immigrants.
Points-Based Migration Assumptions
As noted above, in Scenarios 1A, 2A, and 3A, we assume that that the incomes of new migrants remain unchanged from the base case; we simply vary the flow numbers. However, it is also possible that changes in policy will result in changes to the characteristics of new migrants. In particular, proponents of Brexit have argued that ending the free movement of labour would allow the UK to pursue a more targeted policy of economic migration, often described loosely as an "Australian-style points system".
The model used to simulate the implications of alternative migration scenarios includes only a distinction between those holding graduate and non-graduate qualifications. In contrast, the Australian system of targeted skilled migration is designed to advantage the 'skills' in demand by the domestic labour market. This is in contrast with the model of skilled migration recently abandoned in Canada, which discriminated in favour of "higher" education in general. In context of the characteristics simulated by the model, the targeting of "skills" by the Australian-style points system is best proxied by income.
We consequently vary each of the scenarios discussed in Section 2.1 by assuming that changes to migration policy mean that new immigrants have a different income distribution to past immigrants. In particular, we assume that policy changes mean that new immigrants to the UK have the same level of income relative to the resident population as currently observed for immigrants to Australia. This implies a considerable increase in the incomes earned by immigrants to the UK over that currently observed; the plausibility of this assumption is discussed below. Apart from immigrants under 25, all other immigrant age groups to Australia have a higher relative income than recent immigrants to the UK (comparing Tables 1 and 2 ) although their incomes on average are still below the income of natives. The distribution of recent immigrants' income to Australia is reported in Table 2 below. Combining the shift in immigrant incomes with the changes in migrant numbers produces three additional simulation Scenarios: 1B, 2B and 3B. The migration flows however remain the same quantum as shown in Figure 2. 
Results

Population
The impact of each simulated scenario, relative to the base scenario, on the UK population is displayed in Figure 3 .
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Results
Population
The impact of each simulated scenario, relative to the base scenario, on the UK population is displayed in Figure 3 . We see a substantial decline in the UK population relative to the base case of the ONS population projection, driven by two effects. The first of these is the reduction in the number of immigrants living in the UK. Scenario 1A, for example, generates a decline in the immigrant population in the UK of 1.4 million by 2030, and by 2.9 million by 2050. The second effect on the resident population is fewer children born in the UK as a result of the decline in the immigrant population. This second feature reduces the UK population by a larger margin as the time horizon is lengthened: under Scenario 1A, it reduces the population by 150,000 by 2030, and by 1.3 million by 2050. By 2050, the largest fall in the UK resident population, relative to the base line, is 4.7 million under Scenario 3A, and the smallest fall, of 2.1 million, is under Scenario 2A.
Budgetary Impacts
As an illustration of the detailed simulation results, we show the impact of Scenario 1A on the main taxes and benefits in 2032 (15 years from the beginning of the simulation) and in 2057 (40 years on) in Table 3 . The data in the table are the aggregated results of 21 simulations of the model for the single scenario. These 21 simulations differ from one another in the random draws that are used to project adults forward through time by LINDA. Projected characteristics that depend upon random draws in LINDA include the selection of immigrants and emigrants (as discussed in Section 2), relationship status, the timing of birth of dependent children, educational upgrading, wage potential and wage offers. The table shows the mean and the standard deviation for each item of revenue and expenditure taken over all 21 simulations for Scenario 1A. These results show that the reduction in migration, not surprisingly, causes a reduction both in all (simulated) sources of government revenue, and in benefit expenditure with the exception of expenditure on pensions where the effect is not statistically significant. For example, limiting the flow of immigrants from the EU under Scenario 1A results in a decline of working age benefits of around £5.2 billion and at the same time a fall in VAT receipts of £3.1 billion in 2032. Most of the impact on benefits comes through reductions in payments of working age benefits, while reductions in tax are felt across all the main taxes (income tax, National Insurance, and VAT). The overall impact is a reduction in net revenues of about £1.8 billion (0.6% of total tax revenues in the model) in 2032, and of £4.5 billion (1.2% of total tax revenues) in 2057.
Two additional points arising from Table 3 are of note. First, although Scenario 1A results in a substantive reduction in net revenues in 2032 and 2057, the projected reductions are dwarfed by projected increases in total state retirement benefits between 2032 and 2057 even in the base case. In this regard, the £4.5 billion fall in revenues to 2057 is only 4% of the coincident increase in state retirement benefits of £94 billion (irrespective of migration scenario) simulated between 2032 (£171 billion plus £9 billion) and 2057 (£263 billion plus £11 billion) under the base scenario.
Secondly, the standard errors reported in the table indicate that, whereas Scenario 1A results in statistically significant reductions in taxes, this is balanced by statistically significant falls in (working aged) benefits, so that the net effect on the government budget-although substantive-is not statistically significant at the 90% confidence interval to 2057, or at the 70% confidence interval to 2032. These results underscore the importance of uncertainty associated with the projected effects of changes in migration. Although the simulation methodology considered here made it impractical to generate standard errors for all results, this important result should be borne in mind when interpreting the remainder of the simulated output. Full results were obtained using a simulation profile that was found to be generally representative of the mean effects displayed for Scenario 1A in the table below; associated statistics are reported in Appendix B.
The budgetary effects for all simulation scenarios are reported in Table 4 below. Note that the results in the table show the outcome for a single simulation of each scenario. Therefore, the net budget shortfall of Scenario 1A of £3.2 billion in 2032 in Table 4 is a single point estimate. By comparison, the results in Table 3 show the mean of 21 simulations. The way to read this is that the simulation result of Scenario 1A in Table 4 of £3.2 billion is within one standard deviation (£1.7 billion) of the mean value reported in Table 3 of £1.8 billion. Notes: NIC: reports projected adjustments to class 1 basic rates required to obtain 0 net budget effect. Pensioner benefits: reports percentage adjustment to Guarantee Credit (applied to all pensioners), Savings Credit, and State Pension required to obtain 0 net budget effect pensionable age: reports change in years to state pension age required to obtain 0 net budget effect.
In order to focus on the sustainability of the pension system, the table shows the net budget impact of changes to immigration and the necessary adjustments to NIC rates, pensioner benefits, and/or pension age required to offset those impacts. The adjustments are estimated by running a number of simulations about the base policy parameters to find the true value. So, under Scenario 1A, offsetting the impacts of the reduction in migration reported for 2032 would require an increase in NICs of 0.8%, a reduction in the value of pensioner benefits of 2.6%, or alternatively an increase of 0.4 years in the state pension age. By contrast, Scenario 2B would allow a reduction in NICs of 0.8% to maintain budget neutrality in 2032. However, under this scenario we are increasing both the number of non-EU migrants and with higher earning potential.
Discussion
The key conclusions from this analysis emerge immediately from the table above. Reductions in immigration would have a modestly negative impact on the public finances and the sustainability of the pension system, in both the medium (to 2032) and long term (to 2057). This is seen from Scenario 1A in 2032 and 2057 in the table. These impacts could be offset to make a budget neutral policy by an increase in national insurance contributions, reductions in pensioner benefits, or increases in the state pension age. Table 4 shows that assuming that future immigrants have the same skills and earnings as those in the past, the effects on public finances are in the same direction for each of the three scenarios we have assumed. Scenario 2, which has a much smaller reduction in total migration, due to the assumption of an offsetting increase in non-EU migrants, has negligible effect on public finances. The takeaway message is that more restrictive immigration policies would, not surprisingly, have more negative effects on the net government budget.
These budgetary effects of limiting immigration to the UK could be mitigated, and indeed reversed, were the government able to successfully implement a radical change in the incomes (and implicitly the skills or qualifications) of new migrants. For example, if the distribution of migrant income relative to the income of UK natives resembled the distribution in Australia under the so-called 'points system'. These findings are intuitively plausible-migrants, since they are mostly of working age, can be expected to have a positive impact on the public finances, although this impact may attenuate over time as they age. However, the skills mix, and hence incomes, of new migrants is a key driver of their fiscal impact, so a substantial improvement in the skills mix of new migrants can in principle offset the negative impacts of reducing migration.
Some important caveats are in order. First, the analysis here focuses on personal taxes and transfers: that is, we model the most important taxes on income and consumption, and spending on welfare benefits and pensions. Spending on other public services, such as health and education, and other tax revenues, such as taxes on companies and a number of other smaller revenue sources, are excluded from the analysis. However, our results are qualitatively similar to that of other analyses (OBR, 2015 [16] ; Lisenkova and Sanchez-Martinez, 2016 [10] ) which, while incorporating considerably less detail on the individual characteristics of the population, take account of a broader range of taxes and spending programmes.
Second, on the scenarios, these are inevitably stylised. In particular, the assumption in the "B" scenarios that the UK could immediately change the composition of new migrants to match that of Australian migrants is unrealistic. For example, Scenario 2B assumes a substantial increase in non-EU immigrants and a substantial increase in their qualifications (proxied by earnings) at the same time. The immigration systems, economies, labour markets, and sources of immigrant flows to Australia are entirely different from those to the UK; in addition, the UK has considerably less control over some migrants flows (for example, refugees) than over economic migrants. In practice, the B scenarios here should be regarded as an upper bound on the improvements to the fiscal position that could be achieved by changing the mix of new migrants.
Appendix A. Dynamic Microsimulation Model (LINDA)
The Lifetime INcome Distributional Analysis model (LINDA) is a dynamic micro-simulation model that projects the evolving histories of a representative cross-section of the UK population through time. The model is the product of more than a decade of research and development at the National Institute, and is designed to explore the distributional consequences of discrete changes to the economic environment, including changes to tax and benefits policy. Models of this type are very valuable for distinguishing the effects of policy changes on households with specific characteristics. For example at budget time we are used to statements like "A family with two young children will be better off, but a pensioner household worse off".
In most micro-simulation models, economic behaviour is represented by simple statistical relationships. For example, savings functions may be estimated describing savings as a function of age, income and family circumstances. Labour supply may be treated in the same way, or at best treated as the outcome of a static optimisation.
Macro-economic modellers have been aware of the Lucas critique for many years. The Lucas critique recognises that many decisions-and particularly those concerning the trade-offs between work/leisure and consumption/savings-are sensibly regarded as trade-offs in context of the incentives that people face. It follows that both current saving and labour supply are going to depend on expectations of incomes and relative prices. For example, an increase in state pensions paid to people over 65 should be expected to reduce the saving of people under 65. Or the effects of changes to the tax regime faced by middle-aged savers will depend on the sort of benefit scheme that they expect to find in place when they reach retirement. Statistical estimates of saving or labour supply functions account for these expectations only implicitly, and are therefore ill-suited to adapt to changing expectations in context of policy reform.
The LINDA model adapts to the above observations by projecting family decisions on the assumption that these are the product of dynamic optimisation, given explicit assumptions regarding expectations. The assumption that people engage in some form of optimisation when making their decisions has been a source of criticism for models of the type discussed here. But a powerful riposte to this argument in the field of policy analysis is that it would be odd to implement policies that work as intended only if they are systematically misunderstood. Understanding the incentives embodied by policy counterfactuals is an essential step in good policy design, even if policy-makers ultimately choose to focus upon other issues of concern when selecting between policy alternatives. In short, the fundamental premise underlying use of the modelling framework is that it is a useful way of projecting behavioural responses to incentives embodied by policy counterfactuals; and that this is true even if people do not actually make the optimising calculations that are a central feature of the modelling approach.
A behavioural model can reveal responses to alternative policy counterfactuals in a way that statistical models cannot. How do unemployment benefits affect individual's willingness to work? What are the implications for incentives of changes to the tax relief on savings? Who is likely to respond to changes in pensions means testing? These are the kinds of questions that can only be addressed adequately using a dynamic optimisation model. Furthermore, the intertemporal aspect of the model also permits behavioural responses to be considered over the life course. For example, what effect does encouraging employment early in an individual's life have on their wages when middle aged, and across their entire lifetime?
The analytical approach also makes explicit allowance for individual welfare, which facilitates evaluation of policy alternatives. Many policy proposals, for example, imply different effects at different stages of the life course, and for individuals located at different places in the income/wealth distribution. A revenue neutral increase in retirement benefits, for example, may require a parallel increase in tax payments-a policy counterfactual that would benefit retired individuals at the expense of the working population. The model is a useful tool for assessing whether the additional pension benefits that young households will receive in retirement are sufficient to compensate for the additional
